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© AC-to-DC converter. 

© An AC-to-DC converter for providing a step- 
down output DC voltage from an AC voltage source 
1 includes a rectifier 10 connected to the AC voltage 
source 1 to provide a rectified DC voltage to a step- 
up chopper 20. The chopper 20 includes an inductor 
22 and a switching element 21 which is connected in 
series with the inductor 22 across the rectifier 10 
and is driven to periodically turn on and off so as to 
store into the inductor 22 an energy from the recti- 
fied DC voltage when the switching element 21 is 
turned on and to release the energy from the induc- 
tor through a blocking diode 23 to a charge-pump 
circuit 50 when the switching element 21 is turned 
off. The charge-pump circuit 50 receives the energy 
released from the inductor 22 as well as from the 
rectifier 10 to accumulate a first voltage and pro- 
vides a divided voltage of the first voltage to charge 
a smoothing capacitor 60 by the divided voltage so 
as to develop thereat the step-down output DC volt- 
age for driving a load. The converter further includes 
a switch 61 which is turned on during at least a 
portion of an ON-period of the switching element 21 
in order to connect the smoothing capacitor 60 to 
the charge-pump circuit 50 for charging the smooth- 
ing capacitor 60 by the divided voltage. The switch 
61 is turned off during an OFF-period of the switch- 
ing element 21 in order to disconnect the smoothing 
capacitor 60 from the chopper 20. 
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The present inv ntion is directed to an AC-to- 
DC converter for providing a step-down output DC 
voltag , and more particularly to such a converter 
including a rectifier and a chopper. 

An AC-to-DC converter has been widely uti- 
liz d in the art, for example, in an electronic ballast 
where it is combined with an inverter to drive a 
discharge lamp from an AC voltage source such as 
an AC mains. In this instance, the AC-to-DC con- 
verter is required to supply a smoothed output DC 
voltage to the inverter in order to operate the 
discharge lamp efficiently free from flickering. Fur- 
ther, in view of that the output DC voltage should 
be as smooth as possible in order to eliminate 
higher frequency harmonics in an input AC current 
to the converter for reducing corresponding noises 
as well as to improve the power factor of the 
converter, the converter is highly desired to include 
a chopper in addition to a rectifier for providing a 
smoothed output DC voltage. Consequently, when 
the converter is designed to provide a step-down 
DC voltage, it is readily possible to include a step- 
down chopper or inverted chopper in the converter. 
However, the choppers of theses types are known 
to inherently suffer from reduced power factor and 
are likely to cause undesired higher frequency har- 
monics which induce noises in other electrical de- 
vices powered by the same AC voltage source, in 
contrast to a step-up chopper which is known to 
exhibit improved power factor. In order to avoid this 
problem, it has been proposed to use a step-up 
chopper in front of the inverted in order to com- 
pensate for the reduced power factor of the latter, 
while assuring to output the step-down DC voltage, 
as disclosed in Japanese Patent Early Publication 
(KOKAI) No. 2-237461 . As represented in FIG. 1 of 
the attached drawings, this converter comprises a 
full-wave rectifier 110 providing a rectified DC volt- 
age from an AC voltage source 100, the step-up 
chopper 120 and the inverted chopper 150. The 
step-up chopper 120 includes a first inductor 122 
connected in series with a first FET 121 across the 
rectifier 110, and a first smoothing capacitor 125 
connected in series with a first blocking diode 123 
across the FET 121. The FET 121 is controlled by 
a first driver 126 to turn on and off at a high 
frequency so as to store an energy in the inductor 
122 from the rectifier 110 when FET 121 is con- 
ductive. Upon subsequent turn-off of FET 121, the 
inductor 122 releases the energy so that the 
smoothing capacitor 125 is supplied through the 
diod 123 with the energy from the inductor 122 as 
well as from the rectifier 110 to develop a step-up 
DC voltage. The inverted chopper 150 comprises a 
second FET 151, a second inductor 152 and a 
second smoothing capacitor 155 which are con- 
n cted in series across th first smoothing capaci- 
tor 125 with a second diode 153 connected in 



series with the FET 151 across the first smoothing 
capacitor 125. The FET 151 is controlled by a 
second driver 156 to turn on and off at a high 
frequency so as to store an energy into the induc- 

5 tor 152 when FET 151 is conductive. Upon subse- 
quent turn-off of FET 151, the inductor 152 re- 
leases the energy which is alone supplied through 
the diode 153 into the smoothing capacitor 155 to 
develop thereat the step-down output DC voltage to 

10 an inverter 170 for driving a load. Although the 
converter can successfully, assure improved power 
factor by the use of the step-up chopper in front of 
the inverted chopper, there still remains a problem 
due to the use of the inverted chopper in that all 

75 the energy supplied to smoothing capacitor 155 is 
once stored in the inductor 152, which eventually 
lowers overall circuit efficiency. Further, the use of 
the step-up chopper 120 requires the first smooth- 
ing capacitor 125 of a high capacitance in order to 

20 temporarily store the step-up voltage, in addition to 
the second smoothing capacitor 155 which may be 
of a low capacitance for storing the step-down 
output DC voltage, and also requires the two induc- 
tors in the converter, thus causing duplication of 

25 expensive components. 

Another prior art converter is disclosed in the 
Japanese Patent Examined Publication (KOKOKU) 
No. 63-37584 to use a charge-pump circuit instead 
of the chopper, as represented in FIG. 2 of the 

30 attached drawings. The charge-pump circuit 250 is 
connected to the output of a like full-wave rectifier 
210 to receive the voltage therefrom and store the 
voltage in a series combination of capacitors 251 
and 252. A diode network of diodes 254, 256, 258 

35 is connected to the capacitors 251 and 252 so as 
to form parallel paths through which the individual 
capacitors 251 and 252 are discharged respectively 
in parallel relation to supply a step-down DC volt- 
age to an inverter 270. In this manner, this charge- 

40 pump circuit 250 can provide the step-down output 
DC voltage while improving the power factor. How- 
ever, it is still unsatisfactory in maximizing the 
power factor and is therefore difficult to eliminate 
the higher frequency harmonics in an input AC 

45 current to the rectifier. 

The above problems have been eliminated in 
the present invention which provides an improved 
AC-to-DC converter for providing a step-down out- 
put DC voltage. The AC-to-DC converter of the 

so present invention comprises a rectifier connected 
to the AC voltage source to provide therefrom a 
rectified DC voltage to a step-up chopper. The 
chopper includes an inductor and a switching ele- 
ment which is connected in series with the inductor 

55 across the rectifier and which is driven to alter- 
nately turn on and off so as to store into th 
inductor an energy from th rectified DC voltage 
when the switching element is turned on and to 
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release the nergy from the inductor through a 
blocking diode to a charge-pump circuit when the 
switching element is turned off. The charge-pump 
circuit is connected to receive the energy released 
from the inductor as well as from the rectifier to 5 
accumulate a first voltage and provides a divided 
voltage of the first voltage to charge a smoothing 
capacitor by the divided voltage so as to develop 
thereat the step-down output DC voltage for driving 
a load. The converter further includes a switch w 
which is turned on during at least a portion of an 
ON-period of the switching element in order to 
connect the smoothing capacitor to the charge- 
pump circuit for charging the smoothing capacitor 
by the divided voltage. The switch is turned off 75 
during an OFF-period of the switching element in 
order to disconnect the smoothing capacitor from 
the chopper. In this manner, the step-up chopper 
acts to transmits the energy directly from the recti- 
fier to the charge-pump circuit to give the first DC 20 
voltage thereat, while the charge-pump circuit acts 
to convert the first DC voltage to the step-down DC 
voltage to the smoothing capacitor as the step- 
down output DC voltage to be supplied to the load. 
With the inclusion of the switch, the smoothing 25 
capacitor is disconnected from the chopper so that 
it is kept free from the high voltage from the step- 
up chopper and is charged only from the charge- 
pump circuit to accumulate the step-down output 
DC voltage. Therefore, only one smoothing capaci- 30 
tor of low capacitance is enough in the circuit, 
while utilizing the step-up chopper. With the use of 
the step-up chopper connected to the rectifier for 
storing the energy to the charge-pump circuit, it is 
possible to maximize the power factor with reduced 35 
high frequency harmonics in an input current to the 
rectifier. Further, the use of the charge-pump cir- 
cuit enables to minimize energy loss in the conver- 
sion of the DC voltage from the charge-pump cir- 
cuit to the smoothing capacitor, which improves ao 
circuit efficiency in providing the step-down output 
DC voltage from the rectifier. 

Accordingly, it is a primary object of the 
pr sent invention to provide an AC-to-DC converter 
which is capable of maximizing the power factor 45 
with superior circuit efficiency. 

The switch may comprise an auxiliary switch- 
ing element which is connected in series with the 
smoothing capacitor and is controlled by a control- 
ler common to the switching element of the chop- so 
per so that the two switching elements are con- 
trolled turn on and off in synchronism with each 
other. 

Alternately, the switch may comprise the 
switching elem nt of the chopper and a diode 55 
which is connected in seri s with the smoothing 
capacitor across the blocking diode with the two 
diodes being in antiparallel r lation with r gard to 



th ir polarity. Thus, the charge-pump circuit can be 
connected and disconnected to and from th 
smoothing capacitor only by the addition of the 
diode while sharing the switching element of the 
chopper, which reduces the number of compo- 
nents. 

These and still other objects and advantageous 
features of the present invention will become more 
apparent from the following description of the pre- 
ferred embodiments when taken in conjunction with 
the attached drawings. 

FIGS. 1 and 2 are circuit diagrams of prior AC- 
to-DC converters, respectively; 
FIG. 3 is a circuit diagram of an AC-to-DC 
converter in accordance with a first embodiment 
of the present invention; 

FIG. 4 is a circuit diagram of a controller utilized 
in the circuit of FIG. 3; 

FIGS. 5 A to 5E are waveform charts illustrating 
the operation of the circuit of FIG. 3; 
FIG. 6 is a circuit diagram of an AC-to-DC 
converter in accordance with a modification of 
the first embodiment; 

FIG. 7 is a circuit diagram of an AC-to-DC 
converter in accordance with a second embodi- 
ment of the present invention; and 
FIGS. 8A and 8B are diagrams illustrating the 
operation of the circuit of FIG. 7. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment <FIGS. 3 and 4> 

Referring now to FIG. 3, there is shown an AC- 
to-DC converter in accordance with a first embodi- 
ment of the present invention. The converter is 
adapted in use to supply a step-down DC voltage 
from an AC voltage source 1 to an inverter 70 
which in turn drives a discharge lamp 5. The con- 
verter comprises a full-wave rectifier 10 in the form 
of a diode bridge which is connected through a 
choke coil 2 to the AC voltage source 1 for provid- 
ing a rectified DC voltage. Connected to the recti- 
fier 10 is a step-up chopper 20 which produces a 
step-up voltage from the rectified DC voltage. The 
step-up chopper 20 comprises an FET 21 which is 
connected in series with an inductor 22 and a 
current sensing resistor 24 across the rectifier 10 
and is controlled by a controller 30 to turn on and 
off at a high frequency such that the inductor 22 
stores an energy from the rectified DC voltage from 
the rectifier 10 when the FET 21 is conductive and 
releases the energy through a blocking diode 23 
when FET 21 is kept turn d off. Th energy r - 
leas d from the inductor 22 is added to the recti- 
fied DC output supplied also through the diode 23 
from th r ctifier 10 to provid th step-up voltage 
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which is applied to a charg -pump circuit 50. 

The charg -pump circuit 50 compris s a pair 
of capacitors 51 and 52 which ar connect d in 
series with the diode 23 across FET 21 of the 
chopper 20 so that the step-up voltage from the 
chopper 20 is applied through diode 23 to the 
series combination of capacitors 51 and 52. Thus, 
the individual capacitors 51 and 52 are charged to 
develop a divided half voltage of the step-up volt- 
age, respectively. A diode network composed of 
diodes 54, 56, 58 is connected to capacitors 51 
and 52 to provide two parallel paths for discharging 
the individual capacitors 51 and 52 to a smoothing 
capacitor 60, thereby developing a step-down out- 
put DC voltage thereacross which is a half of the 
voltage applied to the charge-pump circuit 50. That 
is, diode 56 is connected in series with the first 
capacitor 51 and in parallel with the series com- 
bination of diode 54 and the second capacitor 52 to 
constitute the one of the parallel paths for discharg- 
ing the first capacitor 51 to charge the smoothing 
capacitor 60, while diode 58 is connected in series 
with the second capacitor 52 and in parallel with 
the series combination of diode 54 and the first 
capacitor 51 to constitute the other path for dis- 
charging the second capacitor 52 to charge the 
smoothing capacitor 60. 

An FET 61 is connected in series with the 
smoothing capacitor 60 across the charge-pump 
circuit 50 so as to connect and disconnect the 
parallel paths to and from the smoothing capacitor 
60. FET 61 is controlled commonly by the control- 
ler 30 to turn on and off in synchronism with FET 
21 of the chopper 20. To this end, FET 61 has its 
gate connected through a transformer 62 to the 
controller 30. When FET 61 is conductive in which 
FET 41 is also conductive to store the energy in 
the inductor 22, the charge-pump circuit 50 is 
connected to the smoothing capacitor 60 for charg- 
ing the smoothing capacitor 60 through the parallel 
paths from the individual capacitors 51 and 52. 
When, on the other hand, FET 61 is nonconductive, 
the smoothing capacitor 60 is disconnected from 
the charge-pump circuit 50 to receive no voltage 
from the charge-pump circuit 50 as well as from 
the chopper 20, at which condition, FET 21 is also 
non-conductive to release the energy from the in- 
ductor 22 to charge the series connected pair of 
capacitors 51 and 52 in addition to the rectified DC 
output from the rectifier 10. A voltage divider of 
resistors 65 and 66 is connected in parallel with the 
smoothing capacitor 60 to give to the controller 30 
a divided voltage indicative of the step-down output 
DC voltage at the smoothing capacitor 60. 

The controller 30 comprises an application 
sp cific IC 31 known as "UC3852" available from 
Unitrode Inc and associated components to control 
FETs 21 and 61 while monitoring a current flowing 



through r sistor 24 of the chopper 20 as well as 
monitoring the output DC voltage at the smoothing 
capacitor 60. The IC 31 has an input terminal (pin 
no. 7) which is connected to the AC voltage source 

5 1 through a resistor 32, capacitor 33, and a zener 
diode 34. When capacitor 33 is charged to give an 
operating voltage to the input terminal (pin no. 7), 
the IC 31 is made active to produce a starting 
pulse at a control terminal (pin no. 6) for turning on 

io FETs 21 and 61. The divided voltage from the 
voltage divider of resistors 65 and 66 is fed to a 
feedback terminal (pin no. 1). As shown in FIG. 4, 
the IC 31 includes a differential amplifier 40 which 
outputs an error voltage in correspondence to a 

75 difference between two inputs, one being the di- 
vided voltage received at the feedback terminal 
(pin no. 1) and the other being an internal refer- 
ence voltage determined at a voltage generator 41. 
An internal current source 42 provided in the IC 31 

20 is connected to an external resistor 35 through a 
terminal (pin no. 3) to give a charge current for 
charging an external capacitor 36 connected to a 
terminal (pin no. 4). The voltage of capacitor 36 is 
compared at a comparator 43 with the error voltage 

25 from the amplifier 40 to provide a high level output 
when the voltage from capacitor 36 exceeds the 
error voltage. The high level output is fed through 
an OR gate 44 to a reset input R of a RS flip-flop 

45 which in turn provides a lowjevel signal at Q 
30 output and a high level signal at Q output. The low 

level signal from Q output is fed through a buffer 

46 and through the control terminal (pin no. 6) to 
turn off FETs 21 and 61, at which occurrence, the 
high level signal from Q output give a bias to turn 

35 on a transistor 47, thereby discharging capacitor 36 
to make it ready for subsequent charging thereof. 
Thus, ON-period of FETs 21 and 61 is determined 
by the voltage accumulated at the smoothing ca- 
pacitor 60 and a time constant of resistor 35 and 

40 capacitor 36. The current flowing through the in- 
ductor 22 of the chopper is sensed by a voltage 
developed across the current sensing resistor 24. 
The resulting voltage is fed through a terminal (pin 
no. 2) to a zero-point detector 48 and to a maxi- 

45 mum current detector 49. When the current flowing 
through the inductor 22 decreases to zero after 
FET 21 is turned off, the zero-point detector 48 
responds to provide a high level signal to a set 
input S of the flip-flop 45, thereby turning on the 

so FETs 21 and 61. At this occurrence, transistor 47 is 
turned off to charge the capacitor 36 until it is 
charged up to a level at which comparator 43 
provides the output for resetting the flip-flop 45. In 
this manner, the above operations are repeated to 

55 turn on and off th FETs 21 and 61 without leaving 
a dead time in which no current flows through the 
inductor 22. Th maximum current detector 49 acts 
to reset the flip-flop 45 in cas when an unduly 
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high current flows through the inductor 22 for pro- 
tection of the circuit. 

Thus configured controller 30 gives a pulse 
train as shown in FIG. 5 A which is fed to FET 21 of 
the chopper 20 to turn on and off, thereby flowing 
the current of a triangular waveform through the 
inductor 22, as shown in FIG. 5B. With this con- 
sequence, the charge-pump circuit 50 receives 
across the series combination of capacitors 51 and 
52 a voltage of rectangular waveform, as shown in 
FIG. 5C, which is composed of a high level voltage 
developed during the OFF-period of FET 21 and a 
low level voltage developed during the ON-period 
of FET 21. The low voltage is approximately a half 
of the high voltage. As described before, when FET 
61 is conductive in synchronism with FET 21, the 
charge-pump circuit 50 is allowed to flow the cur- 
rent from the individual capacitors 51 and 52 re- 
spectively through the diodes 54 and 55 and com- 
monly through FET 61, as shown in FIG. 5D, there- 
by charging the smoothing capacitor 60. While, on 
the other hand, the current is not allowed to flow 
from the capacitors 51 and 52 to the smoothing 
capacitor 60 when FET 61 is non-conductive. With 
this result, the smoothing capacitor 60 is charged 
to develop the step-down DC voltage of substan- 
tially constant level, as shown in FIG. 5E. 

Although, in this embodiment, FET 61 is con- 
trolled commonly by the controller 30 to turn on 
and off in synchronism with FET 21, FET 61 may 
be controlled separately. In this connection, FET 61 
may be controlled to be conductive during at least 
a portion of the ON-period of FET 21 to charge the 
smoothing capacitor 60 to develop thereacross a 
further step-down DC voltage. However, it is neces- 
sary to turn off FET 61 over the entire OFF-period 
of FET 21 in order to isolate the smoothing capaci- 
tor 60 from the chopper 20 to avoid the smoothing 
capacitor 60 from being charged directly from the 
chopper 20. 

The resulting constant DC voltage developed at 
the smoothing capacitor 60 is applied to operate 
the inverter 70 for lighting the discharge lamp at a 
high frequency. The inverter 70 is of a center-tap 
type which comprises a pair of transistors 71 and 
72 and an output transformer 80 with a primary 
winding 81, a secondary winding 82 coupled to the 
discharge lamp 5, and a feedback winding 83. 
Transistors 71 and 72 have their emitter commonly 
coupled with their collectors connected respective- 
ly to the opposite ends of the primary winding 81. 
The primary winding 81 has a center tap CT which 
is connected through an inductor 73 to one end of 
the smoothing capacitor 60. The other end of the 
smoothing capacitor 60 is connected to the com- 
monly coupled emitters of transistors 71 and 72. A 
capacitor 74 is connected across the primary wind- 
ing 81. The fe dback winding 83 is connected to 



apply a bias to alt mat ly turn on and off transis- 
tors 71 and 72 in a self-excited manner, thereby 
producing a high frequency AC voltage across the 
primary winding 81 and therefore applying the cor- 

5 responding AC voltage through the secondary 
winding 82 to light the discharge lamp 5. Resistors 
75 to 77 are provided to start the inverter 70. 

FIG. 6 illustrates a modification of the first 
embodiment which is similar to the first embodi- 

io ment except that a charge-pump circuit 50A is 
configured to provide a further step-down voltage 
to a like smoothing capacitor 60A. Like compo- 
nents are designated by like numerals with a suffix 
letter of "A". Therefore, no duplicate description of 

75 the like components are made herein for the sake 
of simplicity. The charge-pump circuit 50A com- 
prises three capacitors 51 A, 52A and 53 which are 
connected in series with diodes 54A, 55 and with 
blocking diode 23A across the FET 21 A with the 

20 diode 54A inserted between the first and second 
capacitors 51 A and 52A and with the diode 55 
inserted between the second and third capacitors 
52A and 53. A diode network of diodes 56A, 57, 
58A, and 59 in addition to the diodes 54A, 55 is 

25 cooperative with the capacitors 51 A, 52A, and 53 
to provide three parallel paths for connecting the 
individual capacitors to the smoothing capacitor 
60A, thereby accumulating into the smoothing ca- 
pacitor 60A the correspondingly step-down DC 

30 voltage which is approximately one third of the 
voltage supplied from the chopper 20A to the 
charge-pump circuit 50A. It should be noted in this 
connection that the charge-pump circuit may in- 
cludes a suitable number (n) of capacitors with 

35 associated diodes to provide to the smoothing ca- 
pacitor a step-down output DC voltage which is one 
n-th (where n £ 2) of the voltage supplied from the 
chopper. 

The inverter 70A shown as connected to the 

40 AC-to-DC converter of this modification comprises 
a single transistor 71 A, an L-C resonant circuit 
composed of an inductor 73A and a capacitor 74A, 
and a feedback transformer 90 with a primary 
winding 91 and a feedback winding 92. The transis- 

45 tor 71 A is connected in series with the L-C reso- 
nant circuit across the smoothing capacitor 60A. 
The discharge lamp 5A is connected across the 
resonant circuit with the primary winding 91 in- 
serted between one end of the lamp 5A and the 

so capacitor 74 A. The feedback winding 92 is con- 
nected to a base of the transistor 71 A in order to 
turn on and off the transistor 91 A in a self-excited 
manner, whereby the resonant circuit responds to 
produce an oscillating voltage for lightening the 

55 discharge lamp 5A. A starter circuit of a r sistor 93 
and a capacitor 94 is connected across the 
smoothing capacitor 60A to give a starting bias 
through a diac 95 to the base of transistor 71A. 
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S cond Embodiment <FIG. 7> 

R ferring to FIG. 7, there is shown an AC-to- 
DC converter in accordance with a second embodi- 
ment of the present invention which is similar to 5 
th first embodiment but includes a unique switch 
for connecting and disconnecting a like charge* 
pump circuit 50B to and from the smoothing ca- 
pacitor 60A, instead of utilizing the second FET 61. 
Like components are designated by like numerals w 
with a suffix letter of W B". The switch shares the 
FET 21 B of the chopper 20B and includes an 
additional diode 68 which is connected in series 
with the smoothing capacitor 60B across the bloc- 
king diode 23B. The diode 68 is connected with its 15 
polarity opposite to that of the blocking diode 23B 
so as to establish two parallel paths for discharging 
the individual capacitors 51 B and 52B of the 
charge-pump circuit 50B to the smoothing capaci- 
tor 60B commonly through the diode 68 and the 20 
FET 21 B. That is, as shown in FIG. 8A, when FET 
21 B is conductive to flow the current l A from the 
rectifier 10B through the inductor 22B, the charge- 
pump circuit 50B is enabled to discharge the in- 
dividual capacitors 51 B and 52B respectively 25 
through the first loop path Pi of diode 56B, the first 
capacitor 51 B, smoothing capacitor 60B, diode 68, 
and FET 21 B and through the second loop path P2 
of the second capacitor 52B, diode 58B, smoothing 
capacitor 60B, diode 68, and FET 21 B, thereby 30 
accumulating the step-down voltage to the smooth- 
ing capacitor 60B which is approximately a half of 
the voltage supplied from the chopper 20B. At this 
condition, the smoothing capacitor 60B is isolated 
from the chopper 20B so as not to be charged by 35 
the voltage from the chopper 20B. When the FET 
21 B is turned off, as shown in FIG. 8B, the inductor 
22B releases the energy which is additive to the 
rectified DC voltage from the rectifier 10B to flow 
the corresponding current Ib through the series 40 
combination of capacitors 51 B and 52B, thereby 
charging the individual capacitors. At this condition, 
the FET 21 B disconnects the smoothing capacitor 
60B from the charge-pump circuit 50B, thereby 
disabling the smoothing capacitor 60B from being 45 
charged from the chopper 20B. Accordingly, the 
converter of this embodiment has the same func- 
tion of the first embodiment only by an addition of 
the diode 68 and without requiring an additional 
FET or switching element. In this embodiment, a 50 
voltage divider of resistors 65B and 66B is con- 
n cted across the second capacitor 52B rather 
than the smoothing capacitor as seen in the first 
embodiment so as to give a monitored voltage to 
th controller 30B as indicative of the output DC 55 
voltag . It is equally possible also to modify this 
embodiment to utiliz d a suitable number of ca- 
pacitors in the charge-pump circuit to giv a further 



st p-down output DC voltage to the inverter 70 B or 
the like load circuit. 

Claims 

1. An AC-to-DC converter for providing a step- 
down output DC voltage, comprising 

an AC voltage source (1 ), 

a rectifier (10) connected to said AC volt- 
age source (1) to provide therefrom a rectified 
DC voltage, 

a step-up chopper (20) including an induc- 
tor (22) connected in series with a first switch- 
ing element (21) across said rectifier (10), said 
first switching element (21) being driven to 
alternately turn on and off so as to store into 
said inductor (22) an energy from said rectified 
DC voltage when said first switching element 

(21) is on and to release the energy from said 
inductor (22) when said first switching element 
is turned off, said chopper (20) including a 
blocking diode (23) through which said energy 
is released from said inductor (22), 

a charge-pump circuit (50) connected to 
receive the energy released from said inductor 

(22) as well as from said rectifier (10) through 
said blocking diode (23) to accumulate a first 
voltage and provide a divided voltage of said 
first voltage to charge a smoothing capacitor 
(60) by said divided voltage so as to develop 
thereat said step-down output DC voltage for 
driving a load, and 

switch means (61) which is turned on dur- 
ing at least a portion of an ON -period of said 
first switching element (21) in order to connect 
said smoothing capacitor (60) to said charge- 
pump circuit (50) for charging said smoothing 
capacitor (60) by said divided voltage from 
said charge-pump circuit (50) and which is 
turned off during an OFF-period of said first 
switching element (21) in order to disconnect 
said smoothing capacitor (60) from said chop- 
per (20). 

2. The AC-to-DC converter of claim 1, wherein 
said switch means comprises a second switch- 
ing element (61) connected in series with said 
smoothing capacitor (60). 

3. The AC-to-DC converter of claim 2, wherein 
said first and second switching elements (21, 
61) are controlled by a common controller (30) 
to turn on and off in synchronism with each 
other. 

4. The AC-to-DC converter of any on of claims 1 
to 3, wherein said switch means compris s 
said switching lem nt (21 B) of said chopper 
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(20B) and a diode (68) conn ct d in seri s 
with said smoothing capacitor (60 B) across 
said blocking diode (23B) with said diodes 
(23B, 68) being in anti-parallel relation with 
regard to their polarity. 5 

The AC-to-DC converter of any one of claims 1 
to 4, wherein said charge-pump circuit (50) 
comprises: 

a plurality of capacitors (51, 52) connected w 
in series with said blocking diode (23) across 
said first switching element (21) so that said 
capacitors (51, 52) are charged by the energy 
released through said blocking diode (23) from 
said inductor (22) as well as from said rectifier 75 
(1 0) to accumulate said first voltage across the 
series circuit of said capacitors with said in- 
dividual capacitors (51, 52) charged to have 
said divided voltage; and 

a diode network (56, 58) connected to said 20 
capacitors (51, 52) for establishing parallel 
paths through which the individual capacitors 
(51, 52) are connected to said smoothing ca- 
pacitor (60) in parallel relation so that said 
smoothing capacitor (60) is charged by said 25 
divided voltage. 
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